The bumble bees were studied in Ukraine between 2002 and 2009 under field conditions, by examining historical and recent collections and by the literature data. Forty one species are reported from the whole territory, 32 of them being recorded from the forest-steppe zone. Ten species are rare in all their habitats: B. confusus, B. distinguendus, B. fragrans, B. gerstaeckeri, B. ruderatus, B. armeniacus, B. mesomelas, B. laesus, B. veteranus, and B. cullumanus. The present persistence of the steppe species B. armeniacus, B. laesus, and B. cullumanus is restricted to the eastern part of the country, and B. fragrans-to the Crimean Peninsula. The information on distribution, abundance, habitat, and floral preferences of bumble bees is also provided.
Introduction
It is rather strange that at present so little is known in the World about the Ukrainian bumble bees, since the territory of this country lies in the middle of the European continent, bordering Poland, Slovakia, Hungary, and Romania in the west, the Republic of Belarus in the north, Russia in the east, and washed by the Black Sea and Sea of Azov in the south. In this paper we are going to enrich the knowledge on the bumble bees, which inhabit the vast range of the country landscapes.
The history of studies in the Ukrainian bumble bees embraces about 140 years. The historical records of different bumble bee species from the Ukrainian territory can be traced by the collections and the literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Since the late sixties to the end of the 20th century studies of bumble bees were nonexistent. Recently we have continued the research and a number of papers have been published [13] [14] [15] [16] [17] [18] [19] .
For understanding the structure of bumble bee communities and for predicting persistence of any one species in certain habitat types, the distribution of different landscapes in the country should be taken into consideration.
Materials and Methods

Geographical Regions of Area Studied.
The Ukrainian territory occupies the south-western part of East-European Plain, the eastern part of the Carpathians (named the Ukrainian Carpathians), and the Crimean Peninsula. The area of the country stretches almost 1300 km from the west to the east, and 900 km from the north to the south. The landscape of the flat country is quite diverse and form clear latitudinal zones: the mixed coniferous-broadleaved forest zone in the north, the forest-steppe zone in the centre, and the steppe zone in the south, which is adjacent to the costal line of the Black Sea and occupies the most part of the Crimean Peninsula ( Figure 1 ). The landscapes of both highlands (the Ukrainian Carpathians and the Crimean Mountains) are characterized by different altitudinal zones (or belts). There is a considerable difference in natural conditions between and within zones, resulting in great diversity of floral and animal communities. The zone of the mixed coniferous-broad-leaved forests (the so-called Ukrainian Polissia) has a lowland relief with broad flooded river valleys and is characterized by high levels of ground waters and precipitation (550-650 mm per year), and by a great mosaic of natural habitats. Large areas are occupied by pine forests with an admixture of broad-leaved trees. The climate is temperate continental and mild. Owing to the large areas of marshlands and boggy woodlands, unsuitable for intensive human activities, the nature of Ukrainian Polissia is the least transformed in comparison with other regions of Ukraine. The forest-steppe zone stretches from SW (the foothills of the Ukrainian Carpathians) to NE (western spurs of the Middle-Russian Hills). Eastwards the climate grows more continental. The vegetation cover has been essentially transformed; the natural forests are not available, and the steppe vegetation of natural type has been preserved in low sections of Volyn and Podolia Hills (in the west) and in the Dnieper River lowland (in the east). The steppe zone is a dry warm-temperate zone, covered mostly by grasses that decrease in forbs' diversity as one moves south. Arable land covers above 75% of the zone and little of the virgin steppe has been preserved. The Ukrainian Carpathians stretch 280 km long and 100 km wide, the highest point being Goverla Mt. (2061 m a. s. l.). The altitudinal climatic belts are strongly pronounced, and differ in vegetation. The foothills are occupied by the broad-leaved forests (up to 600 m altitude), giving place to the abies-beech forests (up to 900-1200 m altitude), which change into the spruce forests (up to 1400-1600 m altitude). The highest elevations are occupied by the subalpine and Alpine meadows. The inversion of altitudinal belts is often present, depending on elevation, the slope exposition, and climatic conditions. To the southwest of the Ukrainian Carpathians the Transcarpathians' Lowland lies (Figure 1) , with an absolute altitude of 102-120 m. The plain landscapes are covered with the oak and black-alder forests (15% of the whole area) and with small remnants of the meadow-steppe vegetation. The climate is warm and moist (precipitation about 700 mm per year). The lowland is densely populated and arable land covers 50%.
The Crimean Mountains occupy the southern part of the Crimean Peninsula and stretch for 150-160 km, being 50-60 km wide. They are covered with dry forests of the different type and with the steppe meadows.
Sampling Localities.
Bumble bees were collected regularly in all habitat types of the western Ukraine between 2002 and 2009. The bumble bee communities of the Crimea and of the eastern part of the forest zone were studied in 2006. The material from the steppe zone was collected by our colleagues during [2005] [2006] [2007] [2008] and kindly placed at our disposal. The permanent monitoring of the bumble bee communities was accomplished in marshlands and marshy woodlands of Western Polissia, in protected areas within the forest-steppe zone in the west, in mixed forests and meadows of the Nature Reserve "Roztochia," in the different habitats of all altitudinal belts of the Ukrainian Carpathians and in the Transcarpathians' Lowland. The agricultural landscapes were regularly investigated as well. The bumble bees were observed on flowers and identified in field conditions, with part of them being captured for precise identification. Forage plant species were identified as well. The community structure, species relationships, foraging activities, abundance, and phenology of every species were studied throughout the season, from emerging the queens from hibernation to the last available males in autumn. 
Results and Discussion
Distribution and Habitat Preferences.
The complete checklist of the Ukrainian bumble bees includes 41 species (Table 1) . The subgenus Thoracobombus is the most representative in Ukraine and embraces 12 species. Four of them, B. pascuorum, B. humilis, B. muscorum, B. sylvarum, are widely distributed almost all over the country. B. pascuorum is a eurytopic species, which is capable of persistence in different conditions, including the high pressure of urban habitats [19] . In steppe zone it inhabits mainly urban and rural areas, where it can find suitable nesting sites and sufficient feeding resources. B. humilis is distributed mainly in the eastern part of the forest zone, all over the foreststeppe zone, and sparsely in the steppe zone, preferring dry meadows with steppe flowering vegetation. In general, its abundance everywhere is low, with the exception of the Crimean foothills and mountains. This species also occurs from foothills to about 1000 m altitude in the Ukrainian Carpathians, where it is rare. B. muscorum is the common inhabitant of the marshlands in Western Polissia (the forest zone), where it dominates. However, eastwards and southwards its abundance decreases rapidly, and it can be found locally in small numbers. The species avoids large swamps and flooded woodlands, as well as dry meadows, where it apparently cannot find appropriate nesting sites and feeding plants. Its foraging range is too small for searching feeding resources elsewhere than the nesting site [20] . The persistence of B. muscorum in the steppe zone (including the Crimea) is restricted to small natural or artificial moist "oases," and in the Ukrainian Carpathians to foothills. On the contrary, B. sylvarum prefers more dry habitats and its abundance in the forest-steppe zone is higher than in the forest zone. It also occurs in steppes, excluding arid regions.
Out of 26 bumble bee species inhabiting the forest zone (Table 1) , four can be regarded as "strictly" forest species: B. hypnorum, B. jonellus, B. pratorum and B. schrencki. The boreal species B. jonellus, and B. schrencki occur all over the mixed-forest zone. Their largest populations are restricted to the western part of the zone (Rivne Region), where flooded woodlands and swamps with specific floral resources are optimal for their persistence. A small population of B. jonellus occurs in the west of the forest-steppe zone near Lviv City in marshy area with numerous fish-breeding ponds. We failed to find this species in the Ukrainian Carpathians, although it has been recorded from adjacent areas in Poland [21] .
The greatest number of bumble bee species was recorded in the landscapes of the forest-steppe zone till the half of the 20th century (Table 1) . No wonder that both forest and steppe species could find there a diverse number of habitats appropriate for their existence. Thus, "strictly" steppe species B. fragrans, B. cullumanus (subspecies serrisquama Morawitz, 1888), B. armeniacus, and B. laesus previously were recorded in a series of localities all over the forest-steppe zone ( Figures  2 and 3 ). At present all of them apparently extinct from the zone. Although, there are several nature reserves within the zone, protected steppe plots are too small for persistence of steppe species populations.
As for B. distinguendus and B. subterraneus, which have been included in the Species' Red Lists of many European countries as very threatened or extinct [22, 23] , their distribution in Ukraine and in the forest-steppe zone in particular, is almost within the same ranges, as was recorded in the past century. Their populations are small and sparsely distributed, especially of B. distinguendus. It is noteworthy, that these species were considered as rare ones more than 100 years ago, at least in the west of Ukraine [1] [2] [3] 5] . Both species prefer broad meadows, with B. distinguendus being restricted to the northern half of Ukraine and B. subterraneus being more abundant southwards. The largest population of the latter species exists in the Crimean Mountains, including foothills [18] .
The occurrence of B. semenoviellus in Ukraine has been reported only recently [14, 24] . It has been considered that this species extended its range from East towards Western Europe at the end of the 20th century [25] . At least, any specimen has not been available in the historical collections of Ukraine. At present it is distributed in the forest and the forest-steppe zones with low numbers being abundant in few localities. Its persistence is connected with wetlands.
The steppe zone of Ukraine is inhabited by 22 bumble bee species (Table 1) , among which are "strictly" steppe species and those with wide ecological valence, tolerant to dry and warm conditions. As well, some species of woodlands have adapted themselves to urban and rural habitats, with proper microclimate. The only steppe species, which is considered as common in the steppe zone, including the Crimean steppe, is B. argillaceus. In the forest-steppe zone it has been extinct from many localities, especially in the west. It is noteworthy that recently we have recorded B. argillaceus from the Transcarpathians' Lowland [17] .
Other steppe species, B. armeniacus, B. laesus, B. zonatus, B. cullumanus, B. mesomelas, are rare in all their habitats, and nowadays persist mainly in pristine steppe areas, preserved in the east of the country. As far back as the beginning of the 20th century, B. cullumanus was considered an extremely rare species in the west of Ukraine, where it inhabited the steppe meadows in the Dnister River valley [2, 7] . We failed to confirm its persistence in the same area at present. Recently, a few specimens of the species were recorded only from the eastern part of the steppe zone (Figure 3) . The recent populations of B. armeniacus persist in the Crimean steppe [18] and in the Ukrainian Steppe Reserve in the east (Figure 2 ).
At present, the availability of the rare species B. fragrans in Ukraine remains in question. Till the first half of the 20th century this species was widely distributed all over the foreststeppe and steppe zones (Figure 2) . The only area, from which the species records were made in the second half of the 20th century, was the Crimean steppe [18] (Figure 2 ). Twenty three species of bumble bees occur in the Ukrainian Carpathians [14] , occupying different habitats in accordance with their ecological requirements. In general, the altitudinal distribution of bumble bees concurs with that reported from the Polish Carpathians [26] ; however, some differences exist. With growing altitude the species composition of bumble bee communities changes, most of species being restricted to the upper forest limit (1400-1500 m alt.). B. terrestris, B. subterraneus, B. lapidarius occur up to 600-700 m altitude, the latter rarely rising beyond 1000 m in SW mountain macroslope. Only two mountain species, B. wurflenii and B. pyrenaeus, and also eurytopic B. lucorum founded colonies in subalpine meadows, the latter two rising to the Alpine. Although, two other species, B. hortorum and B. gerstaeckeri, occasionally forage in the subalpine, they never move far away from the upper forest limit. The distribution of the rare cuckoo-bee B. quadricolor remains in question, as only a single record is known from the Ukrainian Carpathians made in 1939 [8] . Recently, this species has been collected from woodlands in the Republic of Belarus, adjacent to Ukrainian Polissia (two specimens are available in the collection of Nizyn University). Hence, its existence in the forest zone of Ukraine is very likely.
Psyche
About 20 bumble bee species occur in the Crimean Peninsula, which are distributed over the habitats according to their ecological preferences. The only representative of the subgenus Pyrobombus in the Crimea is B. haematurus, which occupies the niche similar to that of B. pratorum in the forest and the forest-steppe zones.
The abundances of the same species, which inhabit different landscapes or zones, are different. We try to generalize the data on a large scale of the entire territory of Ukraine (Table 2 ). The group "locally abundant" was created for those species, which in general can be regarded as vulnerable in Ukraine for many reasons: the occurrence near the limits of their geographical ranges, the specific habitats they need, lack of habitats due to anthropogenic influence, and so forth [27, 28] . Only in a small number of localities all over the country these species are abundant enough.
Floral Preferences.
It is known that bumble bees select the flowers fitting to the length of their tongues [29, 30] . Besides, there exists a preference for particular plant species in each bumble bee species [30] [31] [32] and in individual foragers as well [33] . These preferences change during the season, depending on plant phenology, stage of the colonial development in bumble bees, the diversity of forage plant, and on the competition in insect communities for feeding resources [30, 34] . It is also known that "majoring" and "minoring" in foraging behavior is typical of all bumble bee species [30, 35] . In Ukraine, every species of bumble bees, which occurs in different types of zonal landscapes, shows seasonal preferences to the same flowering plant species, if they are available in a habitat. Most Ukrainian bumble bees in the mountains highly depends on these plants, massblooming in the crucial period of colonies' foundation. Besides, their diet always includes Geum rivale, Pulmonaria spp., and Galeobdolon luteum, Rubus spp., Frangula alnus, Symphytum spp., Geranium phaeum, Arctium spp., Cirsium spp. (Figure 4) . The long-tongued species B. hortorum (subgenus Megabombus) and the medium-tongued B. pascuorum, B. humilis, B. muscorum, B. sylvarum (Thoracobombus) everywhere prefer deep-corolla flowers of Lamium spp., Melampyrum spp., Salvia spp., Stachys spp., Vicia spp., Trifolium spp., Galeopsis spp. (Figure 5 ). We have observed young queens of B. muscorum feeding on Betonica officinalis inflorescences year after year in the same place at the end on July ( Figure 6 ). There is a number of foraging plant species, which grow abundantly everywhere, have long periods of blooming, and provide much reward. In all types of habitats these plants are always preferred by bumble bees, offering great rewards to many species in crucial periods of the season. These are early spring Glechoma hederacea, Ajuga reptans, Geum rivale; late-spring Lamium spp. and Symphytum officinale; summer species Rubus idaeus, Echium vulgare, Tilia spp., Salvia verticillata, Trifolium spp., Galeopsis spp., Centaurea jacea, Circium spp., Carduus spp., Ballota ruderalis, Impatiens balsamina, and others (Figures 7 and 8) .
In the west of the forest-steppe zone the major forage plants of bumble bees in summer are Trifolium spp., Salvia pratensis, S. verticillata, Betonica officinalis, and Veronica longifolia (Figures 9 and 10 (Figure 11 ). Out of 190 forage-plant species observed in the mountains, those of the families Asteraceae (30), Lamiaceae (29) , and Fabaceae (20) were particularly favored by bumble bees, making up almost 42% of the whole diet. This coincides with the results obtained in the adjacent mountain areas in Poland [36] .
Studying the diet of bumble bees, inhabiting the western regions of Ukraine (Western Polissia, western part of the forest-steppe zone, and the Ukrainian Carpathians) for several years, we have recorded only those plant species, which were directly visited by foraging bumble bees. In total 352 plant species belonging to 50 families were visited, of which perennials made up 80% (282 species, including trees and shrubs). Apparently, the forage resources of bumble bees, inhabiting the whole Ukrainian area, embrace more than 500 plant species. The necessity of further research is evident.
It is beyond doubt that bumble bees are the most effective pollinators of natural and cultural flowering plants, and their declines world-wide, which have taken place during the last 50 years [28, [37] [38] [39] [40] [41] may have a detrimental impact on pollination networks [42, 43] . As a result of land-use changes in the steppe zone, the steppe bumble bees have suffered a great decline both in diversity and numbers (Figures 2 and  3) . As all steppe species in Ukraine occur near the northern limit of their distributional ranges, the loss of habitats or their fragmentation, and reduction in the abundance of food plants have proved to be the crucial factors which caused their extinction from most localities in the forest-steppe and steppe zones of Ukraine [27, 28, 44] .
Although at present there is a lack of conservation strategies in Ukraine aimed at pollinating insects, the level of agricultural industry in general is much lower than in most European countries. There are regions, especially in the forest and forest-steppe zones, and in the Ukrainian Carpathians, where the organic farming is a common practice. A lot of fallow lands and seminatural habitats enable persistence of wild bee populations. Nevertheless, the precautions should be made to prevent extinction of diverse habitats in particular cases, when large areas are set to fire in spring and autumn, what is a common practice of local people all over Ukraine. It would be useful to take advantage of the West-European countries in working out the schemes aimed at raising public awareness of the role the pollinators play both in natural and transformed ecosystems [44] .
